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Abstract

It is well known that lipid depots serve as an energy source for birds during

migratory flight. Furthermore, studies by Wolfson (1954), Odum and Connell

(1956), King and Famer( 1959) and others have shown that lipid volumes vary from

one phase of the annual life cycle to the next. Little of the work on avian lipids to

date, however, has been concerned with nestlings. According to Brenner (1964),

nestling Red-winged Blackbirds ( Agelaius phoeniceus ) deposit about 75 mgmsper

day. Brenner’s measurements were made from body organ sections and the major

lipid depots.

In the spring and summer of 1973 nestlings of the House Sparrow (j Passer

domesticus) and Red- winged Blackbird were collected in Isabella County of central

Michigan. The House Sparrow as a nonmigrant serves as a basis of comparison with

the Red-wing which is a medium-range migrant. The Red-wing winters in the

United States as far south as Florida and Texas.

Methods

An entire clutch of nestlings was removed at each nest site rather than

removing part of a clutch and thus increasing the quantity of nutrient available

to the remaining nestlings. Wecollected 62 House Sparrows and46 Red-wings.

Weights were taken after collection and specimens were frozen in plastic bags

until the time of analysis. Nestlings were aged to the nearest day by using the

weight and feather tract development criteria of Weaver (1942) and Williams

(1940). Each specimen was dissected, the sex determined, and the gut and crop

contents removed before fat extraction.
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The fat extraction technique involved the use of a food blender with

petroleum ether and ethyl alcohol solvents. Each specimen was covered with

alcohol and then macerated in the blender for 45 seconds. Petroleum ether was

used to wash the residue into a beaker, which was then placed over a steam bath

for several minutes. The two-solvent mixture was subsequently filtered through

a strainer and filter paper into a separatory funnel. The residue that was trapped

in the strainer was again extracted with petroleum ether in the beaker, heated,

and filtered through the filtering sy stem a second time . A total of 1 0-22 volumes

of solvent was used relative to body mass for the extraction process. A biphasic

system subsequently resulted upon acidification of the two-solvent mixture

(Cratin, 1970). The ether phase, containing the fat, was drawn off, whereas the

alcohol phase was washed 2-3 times with petroleum ether. All ether phases for

each specimen were finally pooled and evaporated to near dryness. The concen-

trated fat was then transferred to a pre weighed aluminum pan for drying over a

steam bath . Final drying was achieved in an oven at 1 1
5° C for 1 2- 1 8 hours . The

dried weights of the residue on the filter paper and the residue on the strainer

combined represents the dry-lean weight or nonfat dry weight. The method of

Cratin (1970) when properly applied gives fat values virtually identical to

results obtained by the popular Soxhlet method of fat extraction.

Results

Nestling sparrows exhibited a linear relationship between fat and dry-lean

weight as expressed by the equation Y = 0. 18X -0.03 (Fig. 1 ,
line A). In other

words, 0.18 grams of fat were added for each 1.00 gram of dry-lean weight

increase in body mass. However, this line of best fit is separable into two

stages, with a tendency for the smaller nestlings (Fig. 1, line B) to accumulate

fat more slowly than the larger nestlings (Fig. 1, C) which have a dry-lean

weight of 2.49 grams or greater (P<0.01 between slopes). Small sparrows

exhibited much less variance about the regression than did the large individuals

(0.001 and 0.007 respectively). Notice that 2 nestlings in the lower right-hand

corner of the figure were very lean when compared to all other nestlings of a

similar dry-lean weight. The above 2 nestlings were not included in the

calculations of the regression line. Each of the 2 lean nestlings came from a

different clutch.

In contrast, the blackbird nestlings were considerably more variable in the

rate of fat increment with respect to dry-lean weight (Fig. 1 , line D). In spite of

the large overall variance in nestling blackbirds, the smallest individuals of both

species were very similar. The eight smallest Red-wings (

X

= 0.67 grams) had

0.06 grams of fat. Accordingly, the fat/dry-lean ratio was 0.09 and was
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Fig. 1. Changes in the fat content of nestling House Sparrows and Red-winged Blackbirds as a

function of dry-lean weight. The equation of the regression line describing all the House Sparrow

data (line A) is Y = Q.18X-0.03. The equation for nestling sparrows with a dry-lean weight of less

than 2.49 grams (line B) is Y—0.12X-0.00, whereas the relationship of nestlings 2.49 grams and

more in weight (line C) is given by the equation Y —
. 17X-0.01 . The equation of the regression line

describing nestling Red-winged Blackbirds (line D) is Y = 0.12X-0.04.

identical to that of the 8 smallest sparrows. The blackbird variance from the

regression increased rapidly to a maximum in the 6.00 to 7.50 gram weight

class, at which point body fat ranged from 0.58 to 1 . 15 grams. The overall fat
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Fig. 2. Changes in the fat index of nestling House Sparrows and Red-winged Blackbirds as a

function of age. The equation of the regression line describing the House Sparrow is Y—
0.01 X+ 0.10, whereas the equation describing the blackbird is 7= 0.01X + 0.08.

index equation for the blackbird is 0. 12X + 0.02 with a variance of 0.02.

Thus, sparrow nestlings with a regression coefficient of 0.18 had one-third

more lipid per gram of body mass than did the blackbirds at 0. 12. An analysis of

covariance between species regression lines reveals a significant difference

between slopes (i.e., fat index, P<0.01).

Our fat index versus age-in-days analysis shows a large scatter of data.

This variance is partly related to the difficulty of aging nestlings more accu-

rately than to within a 24 hour interval (Figure 2). The 0.002 variance for

nestling sparrows during the first 6 days was twice as large as the 0. 00 1 variance

of the older individuals. By contrast, the blackbird nestlings exhibit no correla-
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tion (P <0.10) between fat index and age. In other words, the ratio of fat to

dry-lean changed little during development. Variance in fat index is, however,

large at all stages of blackbird nestling development.

Water is also a dynamic body component of developing nestlings (Table

1). As would be expected, the water content of both species increased with age

up to the time of fledging. A water index (water content divided by the dry-lean

weight), however, is often used to express body water content. Since the

dry-lean mass increases at a high rate in developing birds, one can observe in

Table 1 that the water index declines with age of the individual. In terms of total

body mass, the water content of the sparrow and blackbird decreased from 87

and 89 percent respectively down to 79 and 80 percent. Body water of adult

birds would likely approach 66 percent.

Discussion

The fat to dry-lean ratio in nestling sparrows just prior to fledging was

almost one-half higher than the ratio in Red-wing nestlings. The difference in

fat between nestlings is probably related to the different time intervals spent in

the nest by each species plus the size difference between species. House

Sparrows fledge at about 14.4 days of age (Weaver, 1942). Body mass in-

creases from 2.8 grams at hatching to about 26 grams at fledging for a growth

rate of 1 .6 grams per day. In contrast, female and male Red-wings respectively

spend only 9.2 and 9.7 days in the nest (Holcomb and Twiest, 1970). The

growth rate for females is 2.8 grams per day, whereas males grow at 3 .0 grams

per day. Body mass for the two sexes respectively increases from 5.0 grams at

hatching (Williams, 1940) to 33 and 35 grams at fledging (Holcomb and

Twiest, 1970). Thus both sexes of the blackbird achieve a larger body mass

increment than the sparrows during a shorter time span (almost a twofold

difference in growth rates). Since growth of the Red-wing nestling is relatively

fast, it seems reasonable to find fat storage to be minimal. Energy intake in the

blackbird is evidently channeled more into skeletal and nonfat tissue growth . In

contrast, excess lipid deposition can occur in the nestling House Sparrow

apparently because of its lesser energy demand for tissue growth.

The variance in the ratio of fat to dry-lean weight for the nestling House

Sparrows (Fig. 1) was much lower for the nestlings under 2.49 grams than for

those nestlings above that amount. Weaver (1942) suggests that as fledging

approaches, the larger nestlings are found high in the nest and accordingly

receive more food than do any smaller siblings. Since competition for food

between siblings probably increases with age, it follows that some individuals

receive more food than do others. As a result, some siblings would be able to
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store more fat (higher fat index), thus possibly accounting for the increased

variance observed in the larger nestling size cohorts.

Although the data on Red-wings are few in the 5.00 to 7.00 gram dry-lean

weight category (Fig. 1), it appears that the rate of fat deposition increases just

prior to fledging, thus making the regression line somewhat curvilinear. As

mentioned earlier, Brenner (1964) employed different methods on nestling

Red-wings and obtained results similar to those of the present study. According

to Brenner, the amount of fat deposited per gram of body weight decreased up to

day seven and then increased rapidly until the time of fledging.

The large variance encountered in the fat index of nestling House Spar-

rows 6 days and under in age was undoubtedly due to the difficulty in correctly

aging individuals to within a 24-hour period. Weaver ( 1943) found that the first

2 or 3 eggs in a clutch were incubated for about the same length of time. The

other eggs usually hatched 1 2 to 24 hours later but always within 48 hours. With

such a large time interval between the hatching of eggs, the first nestlings to

hatch have a competitive developmental advantage over their siblings with re-

spect to begging food from the parents. The nestlings hatching later may receive

enough food to sustain life and increase their body mass, but may not receive

enough food to store much energy in fat depots. As a result, the fat index of the

nestlings to hatch last would be lower than that in the nestlings to hatch first, and

hence one observes a large variance in the data. It appears that the nestlings

hatching later, however, catch up with their older siblings in fatness during the

last half of the nestling period. This probably occurs because the rapid increase

in body mass appears to slow after about 6 days (Table 1). Slowing of the

growth rate of the older siblings would allow the younger nestlings to receive

more food and deposit more fat, thereby achieving about the same fat index as

their older siblings.

Fat index did not increase with age for red-wing nestlings, whereas the

sparrow regression was quite significant (P<0.01). Ricklefs (1967), while

comparing the lipid index of nestling Barn Swallows to that of nestling Red-

winged Blackbirds, was puzzled by the low levels of lipid reserves found in the

nestling blackbirds. It seems likely that the low lipid levels observed by

Ricklefs as well as those observed in the present study were due to the rapid

increase in nonfat body mass. In Table 1 the index for sparrows increased from

0.08 to 0. 16, whereas the blackbird fat index increased from 0.08 to only 0.11.

As mentioned previously, nestling Red-winged Blackbirds display a very high

growth rate, and, therefore, do not accumulate fat to any appreciable extent. If

the energy intake is just adequate to promote tissue growth, then the ratio of fat

to metabolic body mass will likely remain the same with time. Any excess

energy results in fat storage and reflects either large food energy sources or only
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moderate energy demands for tissue growth or a combination of these two

factors. From Figure 2 it is evident that the Red-wing is of the first category with

tissue growth being the highest metabolic priority, and the House Sparrow,

with an increase in fat index with age, is of the second category, where surplus

energy for fat storage is available.
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